Abstract This paper deals witb the problem of efficient transmission of video signals over generalized fading channels using direct sequence-spread spectrum (DS-SS) systems. We first propose a modified version of the H.263 video codec which results in improvement of average video and frame performance.
I. INTRODUCTION
In recent years, Code Division Multiple Access (CDMA) scheme has gained a lot of popularity i n cellular telecommunication systems, especially through the development of the IS-95 standard [ 11. At the same time, the demand for wireless multimedia services has grown rapidly, and video transmission will probably play an important role in future wireless telecommunication applications [ 191. Although in recent past there have been some papers investigating the end-to-end video transmission over wireless networks (e.g. [16]. In these papers, the mobile channel models they employed assume either Rayleigh or Rician fading characteristics. However, comparing to Rayleigh and Rician distributions, Nakagami-rn distribution provides a more general and versatile way to model wireless channels (81, [ 1 3 ] . In addition, it fits more accurately to experimental data for many physical propagation channels [61. Motivated by the above, in this paper, we propose a new low bit-rate H.263 [Z] video codec aiming at efficient transmission in wireless networks. We evaluate its performance in correlated Nakagami fading channels over an IS-95 based direct-sequence CDMA forward link through semi-analyticai and computer simulation methods, both in single and multiple-celi environment.
MODIFIED H.263 VIDEO CODEC
It is well known that bit errors can cause significant degradation to H.263 video quality, depending on their spatial and temporal location [SI. To At the receiver end, to take advantage of the wideband characteristics of spread spectrum signals, a coherent RAKE receiver is employed in the system to provide multipath diversity. It is assumed that the base station continuously transmits a pilot signal which is used by the mobile receiver to acquire synchronization as well as to make estimation of the channel impulse response. shows the receiver structure for the reference user where &he number of fingers, L, , is a variable parameter less than or equal to total number of multipaths L. The matched filter is matched to the reference user's CDMA spreading code and is assumed to have achieved time synchronization with the initial path of the reference signal. To simplify &he mathematical analysis, we will be assuming that the tap weights (8;) and phases {e,), i = 0, ..,, L,-1 , to be the perfect estimates of the channel parameters. However, for computer simulation, perfect knowledge of channel amplitude is notxequired. The sampling times of the receiver are t, = nT+ (I!+-l ) T c , where n is an integer index. The sampling output is then used in the decision device for demodulation decision. The data from receiver output are deinterleaved and fed into the hard decision Viterbi decoder to recover transmitted video data bits.
Finally, the modified H.263 decoder is used to reconstruct the video sequences.
IV. CDMA FORWARD LINK BER
For a CDMA system forward link in a single cell environment, the transmitted signal for the kth user is a phase-modulated carrier expressed as
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where a(k)(i) is the spreading code of the kth user, and bCk)( t ) is the data waveform,
In (Z), P = Eb/T is the average transmitted power assumed to be equal for each user, whereas Eb is the bit energy. w, is the carrier radian frequency and I $ is the common phase of the modulator uniformly distributed over [O, 2x1. p,(r) and pb(') are rectangular pulses of unit height and duration of T, (chip duration) and T (bit duration), respectively. For a single cell multi-user model, the received signal after the channel is
P , Q ( r ' ( t -2~) -b ( r ) ( f -. t [ ) t r o l = O (5)
.cos( w,t + 9,) + n( t ) where K is the total number of users in the cell, and L is the number of multjpaths. 'pi = $ + 8, -wc'c, is the phase of the Ith path, where $ is the original carrier phase, 9, is the channel phase shift and T[ is the multipath time delay for the Ith path. Each path is assumed to fade independently with fading coefficient preJe' of which the amplitude follows a Nakagami-m distribution and the phase 8, follows an uniform distribution over [0,2rr).
Each signal path which matches with the nth RAKE finger gives a desired signal component S(n)f In addition, there is MAI, SI and the noise interference term denoted by f : : ' and respectively. In [to], the coherent RAKE receiver output for an asynchronous (chip-misaligned) CDMA system is given. To adapt the receiver output for a synchronous system as in the case of forward link, we replace the independent fading amplitudes and signal phases for each user's multipath signal by the common values which are shared by all users in the same cell. Thus, the response of the coherent RAKE receiver with L, fingers can be expressed as In the above equations, bho' is the information bit of the reference users to be detected whereas bl:) is the preceding bit. zn, = zf-7 , is the time delay difference and In order to simptify the BER performance analysis of the proposed system, we appiy Gaussian approximation on MA1 and SI as in [7] . To obtain the variance of MA1 conditioned on P,,, we compensate for the chipsynchronization with a 3 1 2 factor (e.g. Er], [ instead of L paths, there would only be L .-1 paths at the input to the receiver because one path contributes to the desired signal component Us [7] . Thus, the conditional variance of 12' can be approximated by . _ .
l = I
The variance of AWGN conditioned on p, is [IO]
Therefore, the response of the reference receiver U to the received signal at sampling instant can now be modeled as a conditional complex Gaussian random variable with conditional mean of the desired signal component, The conditionai bit error probability may be written as
P ( S ) = Q(m) where Q(x) = -0,-*~/2&. (18)
The average error probability E is obtained by averaging P ( S ) over the PDF of S. This solution for Nakagami fading has been evaluated in [7] . the loss in average video quality due to FEC redundancy is greater than the gain from protected bits being hit by errors. In the higher P, end, the performance gain decreases again because in severe error condition, the video performance degrades to a point where FEC can provide very little help to recover the damage.
In Fig. 5 , we show the frame performance of both coding schemes a t P, = 5 x 1 0 4 compared to error-free condition. Again, it can be observed that the modified coding scheme offers better performance in most of the frames, thus resulting in better overall PSNR value. The step-like shape of the modified H.263 codec curve (solid line) is because of the forced INTRA frame refresh mechanism occurs in every ten frames, B. CDMA Forward Link Performance In Fig. 6 and Fig. 7, we In Fig. 8 , the video transmission performance is evaluated against different L, values. We value of L, = L for coherent demodulation because a coherent L, -finger RAKE with perfect estimates of the channel tap weights is equivalent to a maximal ratio combiner with L, th-order diversity [9] . For the case of L, = 1 the recovered video data is so corrupted that both FEC offered by the video codec and convolutional coder are unable to provide enough error recovery, resulting in relatively poor PSNR performance. For L, = 2 , the quality of video is acceptable at PSNR = 40dB for up to about 25 users and for L, = L = 3 , there is virtually no degradation of the video sequence quality for up to 60 users. assume an estimation error with Gaussian distribution, is illustrated in Fig. 12 . Clearly, the sensitivity of the video transmission performance of CDMA system on the channel estimation error is significant. 
